Cultivated apricot (Prunus armeniaca L.) is represented by a growing number of commercial cultivars featuring a wide variability of flesh texture and ripening evolution, affecting the entire chain from harvest to the final consumer. In order to establish fast and reliable tools easy applicable in field to determine the harvest time, diverse commercial apricots were evaluated in two years for fruit ripening evolution by conventional and non destructive methods. All fruit were harvested from a single tree at physiological ripening onset, than fruit were graded by a DA-meter device, according to three ripening stages (physiological and commercial ripening, veraison), 30 fruit each. Fruit from each stage, after being scored by a near-infrared analyzer, were than randomly divided in three batches, each of them subjected to ripening standard assessment: firmness (Fi) by a digital penetrometer, soluble solids content (SSC) by a digital refractometer, total acidity (TA) by titration and pH. Penetrometer and SSC were assessed on both fruit side, while TA and pH on ten homogenised fruits. The curves produced after optimization showed good predictability, particularly for TA, SSC and pH: R 2 ranged from 78.57, 79.17 and 80.56 (in cross validation, respectively), despite the diversity of the assessed cultivars and the different stages of ripening. Still some more work has to be done to improve the predictability of Fi (R 2 =38.53) and further investigation have to be carried out, to better fit the data from the penetrometer, or other devices measuring flesh texture. These results are to be considered as preliminary for the setting up of cultivar-specific harvest parameters.
INTRODUCTION
Cultivated apricot (Prunus armeniaca L.) is represented by a fast growing number of commercial cultivars featuring a wide variability of flesh texture and ripening evolution, affecting the entire chain from harvest to the final consumer. Most apricots show a very fast evolution after ripening, hindering post harvest operations. Conversely, some of the newly bred cultivars show an extensive red blush hiding the skin ground color, thus hampering the decision on the harvest date, often resulting in an too early delivery to the distribution chain. In both cases, either loss of the produce due to fruit spoiling or consumer disaffection from tasting unripe fruit, may occur. In order to tackle these problems, reliable cultivar-specific harvest parameters are to be set up, to provide growers of decision-making tools enabling to correctly manage harvest operation, in agreement with the final destination of the produce, either for the fresh market chain (short or long distance) or the processing industry. Near infrared (NIR) spectroscopy is a rather well established technique to measure 'quality' parameters on a variety of horticultural products in a non-destructive fashion; in addition, the availability of portable devices allow to follow the evolution of plant organs, as a fruit, during all the stages of maturation (Bureau et al., 2009; Camps and Christen, 2009; Dirlewanger et al., 2012; FU et al., 2008; Manley et al., 2009; Nascimento et al., 2016; Nicolaï et al., 2007) . Since the determination of fruit quality parameters is strictly linked to the degree of ripening, a reliable assessment of the physiological stage must be assessed before running the analysis. To this end, the hand-portable DAmeter device is very well suited for this task, since it records the content of chlorophill, that in most fruit crops, notably apple, apricot, peach, etc, is strictly related to the ripening stage (Costa et al., 2006; Ziosi et al., 2008) . The work described below was carried out to the aim of finding reliable and easy-to-use harvest parameters for apricot, given the wide array of commercial cultivar being released, showing a vast variability in term of flesh texture, ripening evolution and blush over color. Only the preliminary results are reported.
MATERIALS AND METHODS

Samples
Thirteen commercial diverse apricot cultivars ('Augusta 2', 'Augusta 3', 'Bella d'Imola', 'Farbaly', 'Goldrich', 'Incomparable de Malissard', 'Kioto', 'Orange Rubis', 'Petra', 'Pieve', 'Portici', 'Sweet Cot' and'Zebra') were evaluated in two years for fruit ripening and quality parameter by conventional and non-destructive methods. All fruit were harvested from a single tree at physiological ripening onset (2-3% of physiologically ripe fruit), than graded by a DA Meter® (SINTELEIA srl., Bologna, ITALY) device, according to three ripening stages (veraison, commercial and physiological ripening), 30 fruit each, 90 in total for each accession.
Spectral measurements
Fruit were than assessed by a near-infrared (NIR) analyzer, the MPA FT-NIR (BrukerOpticsInc, Mass., U.S.A) for the non destructive measure of firmness (Fi), total acidity (TA) and soluble solid content (SSC). The spectra were taken on the equatorial zone of both cheeks on each fruit, by the direct contact on the skin of the hand-held fiber optical probe of the instrument.
The frequency range of spectra varied from 12,000 to 4,100 cm -1 (7.900cm -1. span), showing 2,049 data points with 3,855cm -1 o f resolution each. Each spectrum was an average of 16 scans, normalized in comparison to the reference spectrum of the instrument; this normalization was done every two hours, since it takes into account the room environment parameter where the instrument is placed.
Destructive measurements of quality parameters Scanned fruit were immediately analyzed for chemical and physical quality components. The firmnesss was assessed by the digital penetrometer 'Fruit Texture Analyzer' (FTA, RG strumenti srl, Parma, Italy), by punching the equatorial zone after peeling about 1.5cm of diameter of the skin, in the same place of the NIR reading. The soluble solid content was measured by a refractometer (53000C, T.R. Turoni srl, Forlì, Italy) and expressed as °Brix from one drop of juice extracted by compression from the probe hole of the penetrometer. PH and titrable acidity were measured by titration (T90, Mettler-Toledo, International Inc., Greifensee, Zurich, Switzerland) and expressed as pH and meq of malic acid per 100ml of juice blended from 10 fruits. For each stage of ripening, three replicates were made for each accession. The average spectrum of the 10 fruits was then taken for the statistical analysis.
Multivariate data analysis
The partial least square (PLS) fit method was run in cross validation with one samples left apart, in order to generate curves for SSC, TA, F and pH. In order to refine the curves, the spectra collected from the fruit were first selected by a principal component analysis (PCA, Figure 1 ) and then pre-processed by the 'constant offset elimination option'. Only two spectra regions were selected (11,995.4-7,498.1 and 6,101.8-5,450) based on the 'root mean square error of the cross validation' [or RMSECV equation (1)], and the number of PLS vectors (or 'rank', see M parameter in the equation below), estimated through an automatic optimization (called 'general B'), that is a hierarchical agglomerative analysis were the spectral range is divided into 10 equal sub-regions. In order to find the optimum combination, the calculation starts with one sub-region, and after the best sub-region has been found a second sub-region is added, and so on. The best combination of sub-regions is searched by adding and/or leaving out further sub-regions (Bruker Optik GmbH, 2006) .
Figure1
. Score plot of PCA of spectral data for selecting optimally spectra and recognizing outliers.
RESULTS AND DISCUSSION
The quality score of the curves to predict the destructive analysis results, both in calibration and in cross validation, are reported in Table 1 . The curves produced after optimization showed good predictability, despite the several and heterogeneous cultivars and the large range of ripening stages. Particularly pH, TA and SSC (Figures 2-5) showed a good residual prediction deviation (RPD) and a low systematic error ('Bias'). The only exception was the curve for the Fi (Figure 3) , that showed the lowest predictability, probably due to the different softening behavior of the assessed cultivars, that could differ for calcium content, type of pectin polymers or different way of depolymerization linked to enzymatic activity of the cell walls (Paniagua et al., 2014) , finally affecting the Fi. Furthermore, there was a high standard error on the penetrometer data, probably linked to the different shape, dimension and water content of the fruit (Essex, 1969) . Similar results were found in similar works (Berardinelli et al., 2010; Nascimento et al., 2016) . 
CONCLUSION
The results of this trial confirm that a non-destructive method such as the FT-NIR tested in this work could be applied with good reliability on large scale apricot fruit assessment for the most important quality parameters, given the high predictability showed in the trial on very diverse cultivars and over the different stages of ripening. Still some work has to be done to improve the predictability of the flesh firmness, and further investigation have to be carried out, to better fit the data from the penetrometer, that needs fruit standardized for size and shape in order not to generate too large standard errors. Alternatively, other devices measuring flesh texture could be tested. These results are to be considered as preliminary for the setting up of cultivar-specific harvest parameters to be applied in the orchard.
